






[image: PDFHALL.COM]






Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































Development of an HDTV High- Speed Camera Using Three ... .fr

Dual Inline Memory Module (DIMM) Synchronous. Dynamic Random Access ..... engaged in development of satellite transmission equip- ments. Tanaka joined ... 

















 Télécharger le PDF 






 2MB taille
 2 téléchargements
 287 vues






 commentaire





 Report
























Development of an HDTV HighSpeed Camera Using Three 2.2 M-Pixel CMOS Image Devices By T. Ogasawara, J. Yamazaki, Y. Tomura, H. Tanaka, M. Yamauchi, Y. Hashimoto, H. Cho, and S. Kanayama
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HK (Japan Broadcasting Corp.) developed the first HDTV high-speed camera in 1992.1 This camera adopted three high-gain avalanche rushing amorphous photoconductor (HARP) tubes for image sensing and could capture the image at a rate of 180 fields/sec. It provided high sensitivity by amplifying the signal within the tubes. This was used in athletics coverage of the 100-m race at the Barcelona Olympic Games. The problem was that the semiconductor memory block for storing a 30-sec picture at three times normal speed weighed more than 200 kg, and the whole system about 216 kg. In 1998, the second HDTV high-speed camera was developed with the use of 1.3-M-pixel charge-coupled devices (CCDs). 2 Of four CCD sensors, two were used for G channel, each driven at 1.5 times the speed of a normal HDTV camera. The outputs of two G-channel CCDs were read out alternately for each field (i.e., half frame) and thus achieved image pickup at 180 fields/sec. This high-speed camera was used for the ski jump coverage at the Nagano Winter Olympic Games and drew attention for its high-quality pictures. It required a large operating system with three CCUs and three video cassette recorders (VCRs) mounted in two racks, however, it weighed 200 kg and had a power consumption of 3 kW.
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An HDTV high-speed camera that uses three 2.2-M pixel Complementary Metal Oxide Semiconductor (CMOS) image devices has been developed. The camera enables image acquisition up to a maximum speed of 300 frames/sec and stores the image sequences directly in a semiconductor memory in the camera head. Slow-motion playback is available with a high picture quality because the image sequence is stored without compression. The compact, lightweight, handheld camera can be controlled from a CCU (Camera Control Unit) with a single standard HDTV hybrid fiber-optic camera cable.
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DEVELOPMENT OF AN HDTV HIGH-SPEED CAMERA USING THREE 2.2 M-PIXEL CMOS IMAGE DEVICES



Figure 1.The high-resolution 5x high-speed camara.



In this development project, the aim was to make a camera system that would be easy to operate, with a size and weight similar to those of normal HDTV camera systems, picture resolution of the 2.2 M-pixel level, and a maximum image pickup speed of five times normal speed. The high-resolution 5x high-speed camera is very effective in various situations. In sports programs, it can provide instant slow-motion playback. In drama, it can make scale models look real by shooting them at high speed and playing back the images in slow motion. Use of a 5x high-speed camera in special effects can, for example, make a 1/25 scale model look entirely real. In this paper, the system configuration and features being developed are introduced, and some examples of how it has been used already in program production are shown (Fig. 1).



the single-chip color method. With respect to picture quality, too, this ensures sufficient color reproduction when the camera is used together with other broadcast cameras in multicamera operation. The CMOS sensor was adopted for image sensing for its low power consumption and suitability for highspeed readout. This sensor is capable of processing a vast amount of data without degradation, by means of parallel signal readout via multiple lines. Compared to the CCD, the CMOS sensor has problems of noise. Digital noise reduction circuitry was employed in the system to overcome this. With regard to storage media, use of a semiconductor memory is suitable for high-speed cameras because of the rapidity of data access. A versatile Dual Inline Memory Module (DIMM) Synchronous Dynamic Random Access Memory (SDRAM) was adopted for the camera memory on these grounds. Recent advances in semiconductor memory have enhanced the integration and enabled installation of a 20 Gbyte-class memory in the camera head. This is the memory capacity needed to play back HDTV signals at a speed of 60 frames/sec for about 1 min. The images are stored progressively without compression (RGB = 4:4:4). To retain the vertical resolution of slow-motion and stop-motion pictures, the playback image data are processed progressively as well. Both 1080/60p (progressive scanning) and 1080/60i (interlace scannning) signals are output simultaneous-



Development Concept The image sensing block and memory block are the two major elements that determine the performance of high-speed cameras in the readout and storage of images at high speed. The three-chip color method was adopted for the image sensing block, thereby enabling reduction of light loss, in preference to 68
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DEVELOPMENT OF AN HDTV HIGH-SPEED CAMERA USING THREE 2.2 M-PIXEL CMOS IMAGE DEVICES ly from the CCU; the former is suitable for post-production activity such as computer graphics composite work and the latter for the broadcast itself.



System Configuration The high-speed camera system introduced in this paper consists of two major parts, as shown in Fig. 2; the camera head, equipped with image device and memory, and the CCU, which performs the final signal processing. The camera head and CCU can be connected with a single standard HDTV hybrid fiberoptic camera cable. The RET (return video) and power supply to drive the camera head are sent from the CCU to the camera head. The HDTV 1080/60p video and audio signals are sent from the camera head to the CCU. Other communication signals, such as intercom and tally, are transmitted in both directions. Two controllers can be connected to the CCU for remote control, one to adjust the camera and the other to control the playback speed.



Image Sensing Block (CMOS) The CMOS sensor has the on-chip integrated functions of light-receiving sensor, analog signal processing circuit, A/D converting circuit, and so on. Two analog signals are output from each pixel for the elimination of noise; an image signal that includes noise, and



Figure 4. Image sensing device.



the noise itself, which is the data acquired when there is no image. These signals are preserved in the column-parallel sample-and-hold (S & H) circuit. The S & H circuit outputs are subtracted and A/D-converted to be written into an SRAM in columns. Each column’s data undergo offset compensation and are written into another SRAM (Fig. 3). The signal is read out in parallel at a rate of 10 bits from 16 ports during the next horizontal scanning period. A total of 480 signals are read out, adding up the R, G, and B channels. They are bit-serially converted to reduce their total number and then sent to the recording block. The system controller and circuitry necessary for generating the timing pulse and bias that drive the sensor are placed in the image sensing block (Fig. 4).



Optical Block



Figure 3. Block diagram for image sensing. SMPTE Motion Imaging Journal, February/March 2006 • www.smpte.org



Taking the number of pixels for HDTV (1920H x 1080V) from the sensor used, an image of 15.4mm diameter is acquired. As far as sensitivity is concerned, the use of a 1-in. pickup lens and color separation prism would be better than a 2/3-in. type, to capture more light, but a 2/3-in. type was adopted for portability and compatibility with various lenses. To magnify an 11mm diameter image taken by the 2/3-in. lens to the size of a 16mm diameter image taken by a 1-in. lens, a 1.45x magnification lens was placed behind the pickup lens (Fig. 5). The magnification 69



DEVELOPMENT OF AN HDTV HIGH-SPEED CAMERA USING THREE 2.2 M-PIXEL CMOS IMAGE DEVICES five optical filters, 3200k, 5600k, 6300k, 7500k, and CAP, with an electric filter disk. It is designed for highly stable registration through the bonding of parts with material that has the same expansion rate as the prism, applied on the emission sides of the prism.



Signal Processing 1 Figure 5. Optical block.



Camera Head



Figure 6. Signal processing in camera head.



lens was designed with two points in mind; not to exacerbate the various aberrations of the HDTV camera lens, and not to make the lens diameter too big. In addition to the color-separation optical system, the optimal back focus length, lens configuration, and color shading (white shading), all received careful consideration in the design. A 1-in. color separation prism, in other words, a bigger prism, is generally required when an image is magnified by a magnification lens to 1-in. type optical size (16mm diameter). This was not the case for this camera, however, because the composite F-number of the pickup lens and magnification lens became larger (lens darker). Shading at the lens rim was reduced as a result of the angle of incidence of the prism being narrower and closer to the parallel rays. The prism size of this camera is similar to that used for the F1.4 lens generally employed in 2/3-in. type optical systems. This enabled the camera to be made both smaller and lighter. The flange back length is the B4 Bayonet mount standard for 2/3-in. type cameras. This camera has 70



The camera head consists of the recording block, which stores image data from the sensors, and the signal processing block, which sends signals to the CCU and VF (viewfinder) (Fig.6). The recording block uses the versatile 2-Gbyte DIMM and can hold up to four of these (8 Gbytes in total) for each of the three channels (RGB). Large data volumes can be recorded by dividing them into small-capacity segments. The recording period is 11.2 sec at a recording rate of 300 frames/sec and memory capacity of 8 Gbytes (Fig. 7). Image data sent to the CCU (playback and live pictures) are output from the 60p output port at a rate of about 1.5 Gbits/sec. Image data sent to VF (playback and live pictures) is con-



Figure 7. Recording block (semiconductor memory).
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DEVELOPMENT OF AN HDTV HIGH-SPEED CAMERA USING THREE 2.2 M-PIXEL CMOS IMAGE DEVICES verted into interlace signals and output from the 60i output port at a rate of about 740 Mbits/sec.



Signal Processing 2 CCU The signal processing block in the CCU comprises circuitry to eliminate the CMOS specific FPN (fixed pattern noise), signal processing circuitry for gain control, gamma compensation, DTL Figure 8. Signal processing in the CCU. (detail) and so on, circuitry to output 1080/60p and 1080/60i HDTV digital signals (HD-SDI), and downconverting circuitry to output SDTV signals. To eliminate the unevenness and defects of the 2-dimensional pixels of CMOS output, the FPN elimination circuitry consists of SDRAM, in which image data of the entire black are stored, and a circuit that subtracts the SDRAM data from the image data. The black picture data are stored when the lens is closed during Auto Black Balance control, adding CMOS output images to some fields to reduce FPN (Fig. 8). The signal processing circuitry employs a digital signal processor (DSP) of the type generally used in 1080/60i HDTV cameras. To achieve 1080/60p highFigure 9. SNR and shooting speed. speed signal processing, two DSPs divide the image into left and right in order to halve the frequency. The making the pixels more uneven. After compensation, frequency could be halved by processing odd and by contrast, the SNR is nearly constant. This indicates even samples separately; left/right division was adoptthat the poor SNR of longer charge-accumulation peried for the simplicity of performing the DTL process ods is largely due to the higher FPN, and that the FPN within DSPs. This DSP includes a gamma compensaelimination circuitry functions successfully in this systion circuit, DTL signal processing circuit, and output tem. matrix circuit. Regarding signal output, dual link outputs for Signal Transmission 1080/60p, as well as normal 1080/60i outputs are Wavelength Division Multiplexing available. To transmit 1080/60p signals to the CCU, at a samFPN Compensation Technology pling ratio of RGB 4:4:4, each channel should be sent Figure 9 shows the relationship between shooting as 1.5 Gbit/sec data (148 MHz, 10 bit). When transspeed and the signal-to-noise ratio (SNR) of the cammitting between the camera head and CCU, the era image in darkness, comparing SNRs with and HDTV camera generally uses hybrid camera cables without FPN compensation. The SNR declines with consisting of two single-mode fiber-optic lines, a lower shooting speeds without compensation. It is power line and control line in each cable, and carries assumed that dark current and white pixel defects in YPbPr and RET signals through the two fiber lines at the CMOS sensors increase with the longer charge1.5 Gbits/sec. A versatile transmission component can accumulation period of the lower shooting speed, be used if this type of cable is adopted and 1080/60p SMPTE Motion Imaging Journal, February/March 2006 • www.smpte.org
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DEVELOPMENT OF AN HDTV HIGH-SPEED CAMERA USING THREE 2.2 M-PIXEL CMOS IMAGE DEVICES signals (R,G,B) are transmitted at 1.5 Gbits/sec. Figure 10 is a block diagram of the transmission system that was developed. R, G, B, and RET signals at 1.5 Gbits/sec are modulated by laser of two wavelengths, 1.3µm and 1.55µm, multiplexed under the wavelength divising multiplexing (WDM) and then transmitted through the two fiber lines. One of the fiber lines carries the G and B channels to the CCU,



and the other the R to the CCU and the RET to the camera head. Use of the hybrid camera cable and versatile optical transmission component makes it possible to transmit signals approximately 2 km.



Specifications



Table 1 describes the major specifications of this camera system. The sensitivity is F (F number) 4 at a light intensity of 2000 lux and the recording rate 30 Table 1—Major Specifications frames/sec. Signal-to-noise Image sensing device 3 CMOS sensors ratio (SNR) is 56 dB. Use of an electric shutter is available Pixels 1920H x 1080V at five fixed speeds. The camAspect ratio 16:9 era is lightweight at 7.7 kg, Image pickup signal Progressive readout, and the entire system weighs 10 bit, RGB = 4:4:4 not more than 30 kg. Power Recording rate Max. of 5x normal speed of 60p consumption is 1.5 A at 100V. Fixed: 12, 24, 30, 48, 54, 60, 66, 72, 90, The camera head can be 120, 180, 240, 300 frames/sec Customized: Integers from 12 to 300 frames/sec remotely controlled from the CCU, connected by HDTV Recording period Max. of about 11.2 sec (300 frames/sec) hybrid fiber optic camera Storage media Semiconductor memory cable up to 2 km long. 8 Gbytes for each 3 channels



72



Sensitivity



2000 lux F4 (At gain 0 dB, 30 frames/sec, 5600k)



S/N



56 dB



Shutter



Electronic shutter 100%, 50%, 25%, 6.3%, 1.6%



Video output



Y, Pb, Pr (1080/60i): 1 output HD-SDI (1080/60i): 4 outputs HD-SDI dual link (1080/60p): 2 outputs



Lens mount



2/3-in. B4 Bayonet mount



System configuration



Handheld-type camera head Camera control unit Remote operation panel Slow motion controller



Camera cable



Hybrid camera cable 2-wavelength multiplexing Max. transmission length 2 km



Camera head weight



7.7 kg



CCU weight



20 kg



Power consumption



100V 2.25 A, approximately



Dimensions



Camera head 153mm (W) x 310mm (H) x 415mm (D) CCU 3U 424mm (W) x 132mm (H) x 480mm (D)



Use in Program Production This camera has been used in the production of various programs since November, 2004. Here, the first shooting of opening footage for a program, and first use in live sports coverage is described. The very first use was in an NHK Special, “Silk Road 2005.” The camera shot material for use in the composition of the program’s opening footage. The object consisted of a number of silk and other cloths fluttering in the wind of a large blower. A 5-sec sequence was shot at 300 frames/sec and the slow-motion version played at 60 frames/sec, thereby pro-
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DEVELOPMENT OF AN HDTV HIGH-SPEED CAMERA USING THREE 2.2 M-PIXEL CMOS IMAGE DEVICES



Figure 10. Block diagram for WDM transmission.



ducing 25 sec of footage. In the slow-motion playback, the object appeared to move in graceful, gentle ripples. The work sequence of recording, instant slow-motion playback, and correction greatly facilitated the shooting activity. An outstanding advantage of video cameras over film cameras was demonstrated effectively in this case. The camera was used in sports coverage for the first time in the Emperor’s Cup football final that took place on January 1, 2005. As this was live coverage, the occasion was very carefully planned. The coverage was provided by NHK’s large HDTV OB van, 16 cameras (including this one) and 8 slow-motion VCRs. Although the camera could not output live feed during playback because of the placement of the memory in the camera head, it did provide realistic, high-resolution HDTV pictures with quality far surpassing that of upconverted SDTV high-speed camera pictures (Figs. 11 and 12).



Figure 11. Image of horse racing.



Conclusion



Figure 12. Image of sumo wrestling.



A high-resolution HDTV highspeed camera using 2.2 M-pixel CMOS sensors has been developed. It has achieved high-speed image pickup at 300 frames/sec, which is five times the normal speed of a current HDTV camera. The camera has already been used in many kinds of programs, including drama, sport, and science, and satisfactory results have been achieved. It is expected in the near future that the sensitivity and SNR will be improved by upgrading the performance of the CMOS sensors.
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DEVELOPMENT OF AN HDTV HIGH-SPEED CAMERA USING THREE 2.2 M-PIXEL CMOS IMAGE DEVICES Moreover, if the power supply block is improved and standalone operation of the camera head becomes available, portability in field operations will be greatly enhanced. This high-resolution high-speed camera can be regarded as a 6x high-speed camera in the PAL 50i region or 12x in cine-style with a frame rate of 24p. It should be effective for use not only in television program production, but also such fields as digital cinema and TV commercials.



References 1. M. Sugawara et al., “Image Pickup Method for the 3x HDTV CCD High Speed Camera,” J. of the Image Info. and Tel. Eng., 53:288-294, 1999. 2. S. Yamashita, “High-Speed TV Camera,” J. of the Inst. of Tel. Eng. of Japan, 50 (2):183-187, 1996.



First published in the IBC 2005 Conference Proceedings, Amsterdam, The Netherlands, September 9-13, 2005. Copyright © International Broadcasting Convention.



THE AUTHORS Toshihide Ogasawara received a master’s degree in electronic engineering from Osaka University in 1994 and joined Japan Broadcasting Corporation (NHK). He started his career as a broadcast engineer at NHK Okayama. From 1997, he worked as a video engineer at NHK Osaka. Since moving to NHK Tokyo in 2002, he has been involved in the development of the HDTV camera system in the engineering administration department. Junichi Yamazaki joined NHK in 1977. He worked in the NHK Science and Technical Research Laboratories from 1983, contributing to the development of the imaging devices and the high-sensitivity television camera. Since 1996, he has been involved in developing the HDTV camera system in the engineering administration department at NHK headquarters. Yamazaki received a BE degree in electrical engineering from the University of Hokkaido. He is a member of ITE. Tomura Yoshio joined NHK in 1971. Since 2002, he has been involved in Drama Programs Engineering at the Production Operations Center of NHK broadcast engineering department. He is a member of the Motion Picture TV Engineering and the Institute of Image Information and Television Engineers. Hiroyuki Tanaka recieived an ME degree in electronic and electronics engineering from Sophia University, Tokyo, Japan in 1984. From 1984 to 1991, he worked with NEC Corp., in Tokyo, Japan, where he was engaged in development of satellite transmission equipments. Tanaka joined NHK in 1991. From 1991 to 1996, he was engaged in development of HDTV radio transmission systems in the engineering administration department. From 1996 to 2005, he worked as a video



74



engineer of field operations in the broadcast engineering department. Since 2005, he has been engaged in the development of the radio transmission systems in the engineering administration department. Masahito Yamauchi received a BE degree in electronic engineering from Shibaura Institute of Technology and joined NHK in 1987. He worked in the NHK Science and Technical Research Laboratories from 1992, contributing to the development of LSI and imaging devices. Since 2003, he has worked at the broadcast engineering department as a system engineer of TV production. Yohji Hashimoto received a master’s degree in electronic engineering from Muroran Institute of Technology, Japan, in 1980, and joined NAC. Inc. (now NAC Image Technology. Inc.) in that same year. Since then, has he been developing industrial high-speed cameras, HD telecine, HD film recorders, and more. Hideo Cho received a BS degree in electronics engineering from Tokyo Institute of Technology in 1974. He then joined Matsushita Electric Industrial Co., Ltd. where he has developed mainly 3CCD video cameras for professional uses. Cho is currently involved in the Panasonic System Solutions Company for Broadcast and Industrial HD cameras. Shigehiro Kanayama completed a course in mechanical engineering at Kurume National College of Technology, Fukuoka Prefecture, in 1973, and joined Fuji Photo Optical Co., Ltd. (currently Fujinon Corp.) in the same year. Has been invloved in the design and development of color separation optical systems for TV cameras in the optical instruments department.



SMPTE Motion Imaging Journal, February/March 2006 • www.smpte.org



























des documents recommandant







[image: alt]





An Inexpensive High Speed Modem for the 

Aug 3, 1999 - it is impossible to feed the radio from the USB port, and therefore at ... is the same as in the EPP modem adapter, and a description may be.










 


[image: alt]





An Inexpensive High Speed Modem for the 

Aug 3, 1999 - the USB modem exchanges raw packets with the PC. Therefore, the modem .... the signal to an installed soundcard for playback on a speaker.










 


[image: alt]





Modeling of high speed machines using robotics formulation 

ABSTRACT : This paper presents a method for the modeling of mechanical systems with ...... mechanical manipulators", Trans. of ASME, J. of Dynamic Systems, ...










 


[image: alt]





Aftereffect of high-speed motion 

256 x 256 pixels are moving as a coherent pattern, an. 'array', not as ..... are: a sensor layer, an opponent-energy layer, and a layer of integrator units. .... Raymond J E, 1993 "Complete interocular transfer of motion adaptation effects on motion.










 


[image: alt]





Virtual High Speed Machining Tests .fr 

The physical parameters of the materials as well as the most important ..... distortion by updating FE mesh, refining the large elements, remeshing the distorted.










 


[image: alt]





high speed ferries and cargo carriers .fr 

Mar 6, 2009 - the wing-float assembly and the lift from the well-cambered wing. ... CATIA and CIRCE MAAT systems for hyper-professional digital solu-.










 


[image: alt]





Relationship between speed and accuracy in High Speed ... .fr 

corrected directly in the NC code program. The generalisation of the methodology can be applied to any surfaces and integrated in the development of a ...










 


[image: alt]





Machine concepts for high speed cutting .fr 

spindles, dynamic feed drives as linear motors, faster CNC-controls. The moved parts ... Fast Controls. Contrary to rotational drive systems, the static and structural dynamic behavior of ... mechanical and electrical design and also the cutting proc










 


[image: alt]





Advanced Signal Integrity Measurements of High- Speed ... .fr 

As boards get larger and rates get faster, the bandwidth limitations. (SDD21) become significant problems. â€¢ What will happen as we transmit 10 Gb/s through.










 


[image: alt]





Increased Performance of High Speed Spindle Bearings .fr 

This alloyed material belongs to the group of high nitrogen alloyed steel (HNS), .... The thickener, Polyurea has a higher thermal stability than the barium.










 


[image: alt]





Classification of granular product using high level fusion of ... .fr 

versatile: new features added to the classification process ... bulk, Sapirstein et al} classified cereal grains (wheat, barley, rye and ..... Powder Technology,. 1991 ...










 


[image: alt]





A Multi-Format HDTV Camera Head 

Starting with the development, in the early 90's, of a HDTV FT-imager ... The massive experience in imagers (FT, DPM) and camera technology was put to a test ...










 


[image: alt]





dynamic identification of high speed machine tools 

position and acceleration measurements available. A method for ..... vector of measurements Y and the observation matrix W in the system Eq.[20] are obtained ...










 


[image: alt]





Performance Evaluation of High Speed Network 

27â€“32. [27] L. Gurgen, C. LabbÃ©, C. Roncancio, and V. Olive, â€œSStreaM: A model for representing sensor data and sensor queries,â€� in In- ternational Conference ...










 


[image: alt]





Performance Evaluation of High Speed Network 

Our system is composed of a homegrown database, a codebase of 10 .... ments,â€� International Journal Computer Systems Science and Engi- neering(IJCSSE) ...










 


[image: alt]





LM715 High Speed Operational Amplifier 

The LM715 is a high speed high gain monolithic operation- al amplifier intended for use in .... dB. Rejection. (Note 4). (Note 4). PSRR. Power Supply. RS s 10 kX. 45. 300. 45. 400. mV V ... Wide Band Video Amplifier Drive. Capability with 75X ...










 


[image: alt]





High-Speed Ground Transportation - Description 

60.8 Conclusions ... High-speed trains were introduced in the early 19th century when British engineers ... (200 mph) and has been tested at a sustained speed of 515 kph (330 mph) [12,21]. ... tion of major western European cities (Paris, Brussels, C










 


[image: alt]





development of a burial test and an analysis methodology ... .fr 

KEY WORDS: Soil burial test; polymcr biodegnidutiun: wcighl loss; human estimation; image analysis; in ..... dÃ©viation (SD) of the repealability test (Eq. 3) is bet-.










 


[image: alt]





BAS16L High-speed diode - Octopart 

2003 Jun 23. 2. Philips Semiconductors ... Philips Semiconductors. Product specification ... Reflow soldering is the only recommended soldering method. .... affect device reliability. ... suitable for the specified use without further testing or.










 


[image: alt]





Design and development of high-frequency 

Design and development of high-frequency thermoacoustic engines for thermal management ..... input into acoustic output is ,35% at low electrical signals. When driven .... to service the whole unit, be it a desktop or a portable system. In such ...










 


[image: alt]





High-speed machining frequency response prediction for ... .fr 

Fiber Reinforced. Plastics. Aluminium. Bronze, Brass. Cast Iron. Steel. Titanium. Nickel-Base Alloys. Cutting Speed [m/min]. HSM Range. Transition Range.










 


[image: alt]





High Speed Machining Strategies for Machining Sculptured ... .fr 

performance: cutting tool, cutting parameters and mainly the cutting strategy used ... objective of the formation of a wide nucleus of work teams that guaranty the.










 


[image: alt]





assessment and prediction High-speed running performance .fr 

locomotion; anaerobic power; aerobic power; exercise testing. HUMAN RUNNERS ... obic power and endurance performance has been well established for ...










 


[image: alt]





Development of Generalized Photovoltaic Model Using ... - S2i 

completely free of cost. Recently ... skyrocketing oil prices make solar energy naturally viable ... Matlab/Simulink block libraries or other component-based.










 














×
Report Development of an HDTV High- Speed Camera Using Three ... .fr





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



